Abstract. And IV is a low-surface brightness (LSB) dwarf galaxy at the distance of 6.1 Mpc, projecting close to M 31. In this paper the results of spectroscopy of And IV the two brightest HII regions with the SAO 6-m telescope (BTA) are presented. In both of them the faint line [OIII]λ4363Å was detected that allowed us to determine their O/H by the classical Te method. Their values of 12+log(O/H) are equal to 7.49±0.06 and 7.55±0.23, respectively. The comparison of these direct O/H determinations with the two most reliable semi-empirical and empirical methods shows their good consistency. For And IV absolute blue magnitude of MB=-12.6, our value of O/H corresponds well to the 'standard' relation between O/H and LB for dwarf irregular galaxies (DIGs). And IV appears to be a new representative of the extremely metal-deficient gas-rich galaxies in the Local Volume. The very large range of M(HI) for LSB galaxies with close metallicities and luminosities indicates that the simple models of LSBG chemical evolution are too limited to predict such striking diversity.
Introduction
The very metal-poor galaxies were discovered more than 35 years ago. The first and the most extreme of them was I Zw 18 (Searle & Sargent 1972) . This galaxy, as well as the great majority of about five dozen known to date late-type galaxies with the ISM value of 12+log(O/H)≤7.65 (or Z(ISM)≤Z ⊙ /10) 1 (called eXtremely Metal-Deficient, or XMD galaxies. See, e.g., review by Kunth &Östlin 2000) are blue compact galaxies (BCGs). BCGs are low-mass galaxies with intense current starburst, distinguished by strong emission-line spectra typical of HII regions. They represent a small fraction of late-type low-mass galaxies in the local Universe (a few percent). XMD BCGs, in turn, comprise only ∼2% of known BCGs (e.g., Pustilnik et al. 2003a; Kniazev et al. 2003) . The main interest to this small group is related to the similarity of their properties to those predicted for high-redshift young galaxies.
Some of these XMD BCGs can themselves be rather young galaxies, with ages of their oldest stars less than 1-2 Gyr. These include Tol 65 (Papaderos et al. 1999) , SBS 0335-052 E,W (Papaderos et al. 1998 , Pustilnik et al. 2004b ) and DDO 68 . However, the majority of XMD BCGs are likely older objects related to more quiescent progenitor low-mass galaxies such as dwarf irregular (DIGs) and LSB dwarf galaxies. The conSend offprint requests to: S. Pustilnik e-mail: sap@sao.ru
1 The solar value of 12+log(O/H), according to Asplund et al. (2004) , is accepted to be equal to 8.66.
crete variants of possible evolutionary path-ways of XMD BCGs could be elucidated with their detailed multiwavelength studies.
There are also about 15 of DIGs and LSB dwarf galaxies among XMD objects. The majority of them are situated in the Local and the nearby groups, or in the general field of the Local Volume (D < 10 Mpc). They include Leo A and GR 8 (van Zee et al. 2006) , Sextans A and B (Skillman et al. 1989; Kniazev et al. 2005) , UGC 4483 (Izotov & Thuan 2002) , DDO 53 (Pustilnik et al. 2003b) , UGCA 292 (van Zee 2000), SDSS J1215+5223 (Kniazev et al. 2003) , ESO489-56 (Ronnback & Bergvall 1995) . All these XMD galaxies are at the distances from 0.7 to 5 Mpc. There are three more XMD LSBDs at the distances from 6.5 to 25 Mpc. Predominantly small distances of mentioned DIGs and LSBD galaxies (in comparison to those of XMD BCGs) are due to a selection effect. It is currently possible to obtain the good quality spectra of 'modest' HII regions in such objects only for sufficiently close distances.
Thanks to their proximity, such galaxies can be studied in more detail at many wavelengths. Hence, the origin of their very low metallicity can be understood better and then the same question can be addressed to XMD BCGs. The number of known XMD LSB galaxies is only nine, of which only four are at the distances closer than ∼6 Mpc. Therefore, the discovery of one more such object is useful in order to address the group properties and their possible diversities as the appearance of different evolutionary path-ways or initial or environmental conditions. Here we report that And IV, a LSB dwarf in the Local Volume with unusually high ratio M(HI)/L B ∼13 (Chengalur et al. 2007) , is one more XMD galaxy.
And IV, discovered more than 30 years ago by van den Bergh (1972) , is projected close to the position of M 31 (at 41.9
′ from M 31 centre) and during long time its nature was uncertain. It was identified as a background dwarf galaxy not related to M 31 after the HST photometry of its individual stars by FGW. With its integrated blue magnitude B tot =16.6 and the distance of 6.1 Mpc (FGW, Karachentsev et al. 2004) , its absolute magnitude is M B =−12.6. With the central SB of µ 0 V = 23.3 mag arcsec −2 it should be assigned as a LSB dwarf. Due to the proximity of a bright star (10 m ) to the main body of the galaxy, its study is not easy. FGW obtained Hα images of And IV and identified six HII regions in the body. For four of them they obtained spectra with 4.2-m WHT telescope, covering the range of 3700 to 7200Å. For three the brightest HII regions (No. 3, 4 and 6 on their nomenclature) they estimated oxygen abundances by the empirical R 23 method. These abundances appeared close each to other, with a mean of 12+log(O/H)=7.90. We reanalysed their spectra, adding to their list of emission lines the faint line [OIII] λ4363Å, visible in their plots for spectra of HII regions No. 3 and 4. The resulting O/H, derived via the classical T e method, appeared about a factor of two lower (albeit with rather large uncertainty) than that derived by FGW. To elucidate the real metallicity of And IV and to improve the estimate of its O/H, we conducted the spectroscopy of these HII regions with the SAO 6-m telescope (BTA).
The paper is organised as follows. In Sect. 2 we describe observations, obtained data and their reduction. Sect. 3 presents our results. Sect. 4 suggests the discussion of And IV as a new XMD galaxy and conclusions.
Observational data and reduction

Observations
The long-slit spectral observations were conducted with the SCORPIO multimode instrument (Afanasiev & Moiseev 2005) installed in the BTA prime focus, during the nights of January 12, 2007 and January 12, 2008 . The grism VPHG550G was used with the 2K×2K CCD detector EEV 42-40. This allowed to registrate the range of ∼3500-7500Å with the scale of ∼2.1Å pixel −1 and the instrumental profile width of FWHM∼12Å. The scale along the slit, after binning, was 0.
′′ 357 pixel −1 , with the total extent of ∼6 ′ . On January 12, 2007 the slit (with width of 1.0 ′′ ) was positioned along the direction connecting the two HII regions of interest (No. 3 and 4) , that corresponded to the PA of -26
• . Parallactic angles during the exposure time varied between 60
• and 67
• and the zenith distances -between 38
• and 52
• . Six 15-min exposures were obtained under the seeings of FWHM∼2.5-2.9
′′ . For observations on January 12, 2008 the long slit crossed only the brightest HII-region No. 3 at PA=PA=-132.5
• .
Parallactic angles during the exposure time varied between between 63
• and 58.6
• , while the zenith distances -between 48
• and 56
• . In the latter case the slit orientation was rather close to the direction along atmospheric refraction, so its effect was insignificant. Four 15-min exposures were obtained under the seeing of FWHM∼1.3
′′ . Both nights were photometric. The object spectra were complemented before and after by the reference spectra of He-Ne-Ar lamp for the wavelength calibration. Bias and flat-field images were also acquired to perform the standard reduction of 2D spectra. Spectrophotometric standard stars Feige 110, G191B2B and Feige 34 (Bohlin 1996) were observed during the night for the flux calibration.
Reduction
The standard pipeline with the use of IRAF 2 and MIDAS 3 was applied for the reduction of the long-slit spectra, which included the next steps.
Cosmic ray hits were removed from the 2D spectral frames in MIDAS. Using IRAF packages from CCDRED, we subtracted bias and performed flat-field correction. After that the 2D spectra were wavelength calibrated and the night sky background was subtracted. Then, using the data on the spectrophotometry of standard stars, the 2D spectra were transformed to absolute fluxes. After that, using the continuum of the brightest HII region, all spectra were straighten. Finally, for each individual 2D spectrum a similar subregion was separated along the slit, centred at the maximum of continuum in the spectrum of HII region No.3, and all 6 individual 2D spectra were summed up (without weighting) in order to obtain the full time exposure 2D spectrum. One-dimensional spectra of the central parts of HII regions were then extracted by summing up, without weighting, 18 and 6 rows along the slit (∼6.3 and 2.1 ′′ ) for HII region 3 for observations in Jan. 2007 and Jan. 2008, respectively, and 9 rows (∼3.1 ′′ ) -for HII region 4. These sizes corresponded to the subregions, where the principal line [OIII]λ4363 for determination of T e , was 'visible' above the noise. The significant difference in the sizes of exctracted subregions for HII region No. 3 is related with two factors. First, as it is seen on the HST image from FGW, this region is well elongated along nearly the North-South direction, with visible extent of ∼4. All emission lines were measured applying the MIDAS programs described in detail in Kniazev et al. (2004) . Briefly, they draw continuum, perform robust noise estimation and fit separate lines by a single Gaussian superimposed on the continuum-subtracted spectrum. Emission lines blended in pairs or triplets were fitted simultaneously as blend of two or three Gaussians features. The quoted errors of singular line intensities include the following components. The first is related to the Poisson statistics of line photon flux. The second component is the error resulting from the creation of the underlying continuum, which gives the main contribution for the errors of faint lines. For fluxes of lines in blends an additional error appears related to the goodness of fit. Last, the term related to the uncertainty of the spectral sensitivity curve gives an additional error to the relative line intensities. For observations in Jan. 2007 the half-amplitude of variations of sensitivity curve along the whole working range (λ > 3650Å) was less than 1%. For observation in Jan. 2008 it was less than 0.5 %. All these components are summed up squared. The total errors have been propagated to calculate the errors of all derived parameters.
Results
Line intensities and element abundances
Relative intensities of all emission lines used for the abundance determination in the HII regions of And IV, as well as the derived C(Hβ), the EWs of Balmer absorption lines, the measured flux in Hβ emission line and the measured heliocentric radial velocity are given in Table 1 .
Their spectra are shown in Figures 1, 2 . Extinction is low: C(Hβ) 0.1, consistent with the extinction value in our Galaxy and with data for most very metal-poor galaxies.
To derive the element abundances of species O, Ne, N in the HII regions of And IV, we use the standard method from Aller (1984) , and follow the procedure described in detail by Pagel et al. (1992) and Izotov et al. (1997) . Element abundances and physical parameters are determined in the frame of the classical two-zone model of HII region (Stasińska 1990) , as described in detail in our papers (Pustilnik et al. 2004a , Kniazev et al. 2004 . The derived electron temperatures T e and density N e , as well as the abundances of oxygen, nitrogen, and neon are given in 
Discussion and conclusions
Comparison with other determinations
The signal-to-noise ratios in the faint line [OIII] λ4363Å, that is used for the determination of electron temperature in HII region, is rather small in our spectra: (∼2-∼5 (7.48, 7.49) are very close to the weighted mean, determined by the direct method on the same spectra (7.49). The estimates of O/H on the empirical formula from Yin et al. (2007) for region No. 3 are well consistent each to other, but give the value of O/H which is systematically lower by ∼0.1 dex. For region No. 4 both methods give significantly higher values of O/H (7.76 7.61), which however are consistent with the direct determination 7.55, accounting for its large error of 0.23 dex. Thus, the estimates with the help of the most reliable semi-and empirical methods, confirms that region No. 3 has very low metallicity. For region No. 4 the available data do not contradict that it also has very low O/H. It is, however, not excluded, that its value is somewhat higher than in region No. 3, by ∼0.10-0.15 dex.
We can similarly use the spectral data for these regions from paper by FGW. First, on the plots of the spectra of HII regions No. 3 and 4, presented by FGW, there is marginally visible, but measurable line [OIII]λ4363Å. We estimated its intensity on these plots based on the relative heights of this line and of the nearby Hγ-line. To perform the abundance calculations through the classical T e method like to that for our BTA spectra, we transformed their corrected for CHβ line intensities of HII region No. 3 (for which C(Hβ) in FGW is larger than zero) back to the measured line fluxes. For a reader convenience, these, as well as the line fluxes for region No. 4 are given in Table 3 with the accepted values for the line [OIII]λ4363Å. The results of our calculations of physical conditions and abundances are given in Table 4 .
The values of 12+log(O/H) for HII regions No. 3 and 4 derived on these data by the direct T e method are equal to 7.63±0.14 and 7.72±0.16, respectively. The estimates by semi-empirical method give very close O/H values, of 7.64 and 7.70, respectively. Using the empirical formula from Yin et al. (2007) , we again get O/H systematically smaller: 7.48 and 7.57, respectively. Thus, all our estimates of O/H on the spectra of HII regions No. 3 and 4 from paper by FGW are consistent, within the cited errors, with O/H values derived on our observations. There is an indication that O/H in region No. 4 is somewhat higher than that in region No. 3.
The comparison of the relative line intensities in both HII regions, measured in our work, with those from the paper by FGW, shows their general consistency, with except of I(Hα) in January 2007 and I([OII]λ3727) in HII region No.3. I(Hα) is somewhat lower than the expected theoretical value, but the difference can be treated to be within cited errors. Our I([OII]λ3727) appears somewhat lower than that in FGW. The most likely this is related In January 2008, when the seeing was of FWHM=1.3 ′′ , the long slit orientation was close to the direction of atmospheric refraction. For observations in January 2007 the slit was oriented almost perpendicular to the latter. However, for the slit width and average seeing for that case of FWHM=2.7
′′ , the effect of differential refraction is almost washed out.
Thus, summarising the comparison of our direct O/H determinations in the two brightest HII regions of And IV with their most reliable indirect estimates, and also with the estimates, derived on the spectra of the same HII regions from FGW, we conclude that all of them are well consistent with our determinations. The empirical formula from Yin et al. (2007 gives seemingly in these regions somewhat smaller O/H by about 0.1 dex. Accounting for the large difference in the errors for O/H in regions No. 3 and 4 (7.49±0.06 and 7.55±0.23, respectively), we accept for further the parameter 12+log(O/H) in And IV to be equal to 7.49±0.06.
The L-Z relation and And IV
Since And IV appeared a new XMD LSB dwarf galaxy, it is interesting to examine how this fits in the well known metallicity-luminosity relation for DIGs and related objects (Skillman et al. 1989) . The updated version of L-Z relation in B-band, incorporating all available data for DIGs in the LV was presented by Lee et al. (2003) . Similar L-Z relation for an independent sample of DIGs was derived by van Zee & Haynes (2006) . One more similar relation for DIGs within the volume with D<5 Mpc was obtained by van Zee et al. (2006) 
And IV and the diversity in properties of LSB dwarf galaxies
One of the Introduction points was that related to the possibility to study the diversity of dwarf galaxy properties in the Local Volume and their differences in evolutionary path-ways. It is worth to notice some significant differences between And IV and other XMD LSBDs. In particular, in Table 5 we present for comparison the global parameters of And IV and another nearby XMD LSBD ESO 489-56 (AM 0624-260). Both galaxies have very close values of O/H and M B . However, their M(HI) differ by a factor of 11. Respectively, the ratios M(HI)/L B differ for two LSBD galaxies by a factor of ∼15. In models of chemical evolution, LSB galaxies are usually treated as objects with the lowest star formation rates (SFRs). This is related to very low surface mass density and inefficient self-gravitation of discs in such objects. Because of very low SFR, the related energy release is small, so that newly produced heavy elements should retain in the parent galaxy. Thus, it is expected that the chemical evolution of LSB galaxies should be well described by the model of 'closed-box', in which the ISM metallicity is tightly related to the gas mass-fraction. Despite the amount of good data on the ISM metallicity in LSB dwarfs to compare them with theoretical models is still insufficient, in some papers on LSB galaxies (e.g., de Naray et al. 2004 ) no significant deviations from the predictions of 'closed-box' were found. The example above gives an evidence that among the nearest LSB galaxies such a tight relation is absent. Galaz et el. (2002) come to similar conclusions from the NIR study of a large sample of LSB galaxies. This implies that our understanding of chemical evolution even for 'the simplest' galaxies requires more general models which incorporate some additional significant factors. Karachentsev et al. (2004) ; 2. Pustilnik et al. (2008, in preparation) ; 3. Braun et al. (2003) ; 4. Pustilnik, Martin (2007) ; 5. this work; 6. Ronnback, Bergvall (1995) ; 7. Chengalur et al. (2007); 8. Schlegel et al. (1998) .
Conclusions
-With multimode instrument SCORPIO at the BTA the good S-to-N spectra were obtained of two brightest HII regions in And IV, a dwarf LSB galaxy situated at the distance of 6.1 Mpc. 
